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Abstract

Background Frailty in older people is a rising global health concern; therefore, monitoring prevalence estimates and present-
ing projections of future frailty are important for healthcare planning.

Aim To present current prevalence estimates of frailty and pre-frailty and future projections according to both dominant
frailty models in a large population-based observational study including adults > 70 years in Norway.

Methods In this population-based observational study, we included 9956 participants from the HUNT4 70 + study, conduct-
ing assessments at field stations, homes, and nursing homes. Frailty was assessed using Fried criteria and a 35-item frailty
index (HUNT4-FI). Inverse probability weighting and calibration using post-stratification weights and aggregated register
data for Norway according to age, sex, and education ensured representativeness, and population projection models were
used to estimate future prevalence.

Results According to Fried criteria, the current prevalence rates of frailty and pre-frailty in people > 70 years were 10.6%
and 41.9%, respectively, and for HUNT4-FI 35.8% and 33.2%, respectively. Compared to previous European estimates we
identified higher overall frailty prevalence, but lower prevalence in younger age groups. Projections suggest the number of
Norwegian older adults living with frailty will close to double by 2040.

Conclusion Frailty in older people in Norway is more prevalent than previous European estimates, emphasising the impera-
tive for effective interventions aimed to delay and postpone frailty and ensure healthcare system sustainability in an ageing
population. Future planning should consider the great heterogeneity in health and functioning within the 70 + population.
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Introduction

Frailty is a multisystem and dynamic clinical condition that
affects one’s ability to respond to stressors and increases the
risk of functional dependency, hospitalisation and death [1].
Frailty prevalence rises with age, and as the world’s popu-
lation ages, frailty as a global health concern represents a
significant challenge to health systems and societies [1].
Monitoring frailty prevalence is especially important due to
its link to greater health-care costs [1]. Frailty surveys pro-
vide insight into population health and may help us under-
stand the diversity of ageing [2].

There are two dominant models for defining frailty. One
is the physical frailty model, in which frailty is understood to
be a distinct high-risk state linked to multisystemic dysregu-
lation [3], frequently measured using Fried criteria [4]. The
second model is based on the accumulation of age-related
deficits, often called the deficit accumulation model, mea-
sured using a frailty index (FI) [5]. In the trajectory from
healthy ageing to frailty, pre-frailty is a potentially revers-
ible risk-state. Pre-frailty predisposes to adverse outcomes
regarding health and social care as well as progression to
frailty [6].

According to a systematic review of studies includ-
ing community-dwelling people>50 years, the estimated
global prevalence rates of physical frailty and pre-frailty
were 12% and 46%, respectively, whereas the correspond-
ing prevalence rates according to FI were 24% and 49% [7].
Regardless of operationalisation, Europe showed the lowest
prevalence of frailty among the continents, with 8% using
physical frailty criteria and 22% using FI. However, stud-
ies included in the review reported widely varying frailty
prevalence, data were heterogeneous and only a few studies
reported representative data on both frailty models [7].

Previous Nordic studies have reported prevalence rates
ranging from 1.6 to 8.4% with Fried criteria [8-10] and
from 17.5 to 30.2% with FI [10, 11]. The generalisability
of the results of these population-based studies is limited
because they excluded individuals with severe functional
limitations. As far as we know, there are no nationally repre-
sentative prevalence studies in Nordic countries that include
the oldest age groups and use both frailty models.

To provide valid, updated estimates of the prevalence of
frailty, there is a need both globally and for Nordic coun-
tries to conduct suitably powered studies applying both
frailty models, including all individuals in a geographic
area [7], also those not able to attend test stations. For the
estimations to be useful to health authorities, both current
prevalence numbers and projections of future frailty are
necessary. According to the divergent estimates dependent
on the choice of frailty model, using both the Fried criteria
and FI in the same population facilitates the interpretation of
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our estimates across different study populations. This wide-
ranging approach is also critical for expanding the present
knowledge about prevalence of frailty and pre-frailty in
Europe to prepare for the near future.

The aim of this paper is to present current prevalence
estimates of frailty and pre-frailty according to both domi-
nant frailty models stratified by age groups and sex from
a large population-based study in Norway that included
both home-dwelling older adults and nursing home resi-
dents > 70 years. Furthermore, we will forecast future frailty
prevalence for years 2030 and 2040, showing the estimated
proportion of the Norwegian population we expect to be liv-
ing with frailty and pre-frailty.

Methods
Participants

We used data from the fourth wave of the Trendelag Health
Study (HUNT), one of the largest population-based health
studies worldwide, conducted in the former Nord-Trendelag
County, Central Norway [12]. This district consists of small
towns and rural areas. In the fourth wave of HUNT, an addi-
tional examination of participants > 70 years was conducted
(HUNT4 70+). All 19,403 inhabitants>70 years living
in Nord-Trendelag County were invited by mail and eli-
gible for inclusion in HUNT4 70+. In total, 9956 (51.3%)
adults aged 70—103 years consented to participate and were
included. The data were collected from September 2017 to
March 2019. Flow-chart of the sample is shown in Fig. 1.

Study design and data collection

This was a cross-sectional observational study. Partici-
pants completed self-report forms and underwent clinical
examinations, face-to-face interviews and laboratory tests
by healthcare professionals who had undergone a two-day
training in the HUNT protocol. Field stations were estab-
lished in all 23 municipalities. Additionally, participa-
tion was offered in private homes and nursing homes for
those not able to attend the field station. Most participants
(85.8%) were assessed at field stations, 7.8% in their own
home, and 6.4% in nursing homes. All participants were
asked to fill out two questionnaires which is the main source
for self-reported data in both frailty models. However, given
the high prevalence of cognitive impairment and dementia
in Norwegian nursing homes, the HUNT4 70+ also used
an adapted protocol in nursing homes that provided supple-
mentary information from health personnel who knew the
residents well. For consistency, we chose to use information
regarding sleep, physical activity level, anxiety, depression,
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Fig. 1 Analytical sample scheme

People=70 years invited

N=19,403
Declined participation in HUNT4 70+ (included
in inverse probability weighting calculation)
N=9,447
A 4
Included in HUNT4 70+
N=9,956
Excluded due to missing data (>20%)
Fried criteria: N= 632
HUNT4 35 item Frailty index (HUNT4-FI): N=638
Y

Included in study sample

Fried criteria: N=9,324
HUNTA4-FI: N=9,318

appetite and oral health from this adapted protocol for all
nursing home residents, regardless of their cognitive status.
Further details are described in Supplementary Tables 3 and
4.

For participants residing in nursing homes, written con-
sent was requested to conduct a telephone interview with
their next of kin. The same procedure applied to participants
in the field stations/homes who reported subjective memory
problems or who scored below age-related cut-off values
on cognitive tests. We also used information from these
interviews as sources of supplementary information about
functional level, neuropsychiatric symptoms and cognitive
difficulties.

Procedures and assessments

For assessment of physical frailty, we used Fried criteria
[4]. To assess frailty according to the deficit accumulation
model, we constructed a 35-item FI, named HUNT4-FI.
Both Fried criteria and FI are widely used and highly valued
in research and clinical practice [13].

Fried criteria

The Fried criteria comprise five items: grip strength, gait
speed, exhaustion, low physical activity and unintentional
weight loss [4]. Grip strength was measured with a JAMAR
Plus+digital dynamometer. The participant had three
attempts on both hands, with the best result counting. Pre-
ferred gait speed was measured over 4 m with a static start.
The participants were tested twice, gait speed (m/s) was cal-
culated by using the fastest time from those two tests. Self-
reported data on unintentional weight loss, physical activity
and exhaustion were collected via face-to-face interviews,

or via information from staff in nursing homes. Participants
who met one or two of Fried criteria were categorised as
pre-frail, and from three to five as frail in accordance with
the original protocol [4]. Participants with fewer than four
valid items were excluded from the statistical analysis
(Fig. 1). In total, 9324 participants ( 93.7%) had sufficient
information to be included in analyses based on Fried cri-
teria. A detailed description of variables, cut-off values and
compliance with Fried’s original protocol is available in
Supplementary Table 3.

Construction of HUNT4-FI

The HUNT4-FI was constructed in accordance with the
original procedure for creating a FI [5, 14] and recently
updated recommendations [15]. We identified 35 items in
the HUNT4 70 + dataset that met the criteria for construct-
ing a FI. These included 11 laboratory markers, 14 clinical
assessment items, and ten self-reported items. Supplemen-
tary Table 4 contains detailed information on construction,
variables, cut-off values and scoring. Participants with
>20% missing HUNT4-FI values were excluded from
the analyses. In total, 9318 participants (93.6%) had suffi-
cient information to be included in the HUNT4-FI analyses
(Fig. 1). For presentation purposes and best possible basis
for comparison with the Fried criteria, the HUNT4-FI score
was also converted to a categorical variable with the follow-
ing cut-off values: Robust: <0.15, pre-frail: 0.15-0.24, frail:
>0.25 in accordance with previous studies [16, 17].

Demographic characteristics

Education is reported as elementary school ( < 9 years),
secondary school (10-12 years) and college/university
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(=13years) retrieved from the National Education Database
from Statistics Norway [18]. Information regarding cohabi-
tation and municipal health services (defined as receiving
home assistance, home nursing or being a nursing home
resident) was based on self-report.

Statistical analysis

Descriptive statistics for the total sample and for each group
were calculated with means, standard deviations, frequen-
cies and percentages. Differences between subgroups for
continuous outcomes were analysed using t-tests, and chi-
squared tests for categorical outcomes. To develop national
estimates for prevalence of frailty in Norway for year 2019,
we performed inverse probability weighting (IPW) in a two-
step procedure, in line with a previous HUNT study [19].
First, we adjusted the prevalence estimates for non-respond-
ers in our sample; all eligible participants invited to HUNT4
70+, N=19,403. For Fried criteria, we had 10,079 non-
responders, for HUNT4-FI the number was 10,085. This
step allowed us to estimate representative prevalence of
frailty and pre-frailty on a regional level (Nord-Trendelag).
Secondly, calibration using post-stratification weights and
aggregated register data for Norway for year 2019 accord-
ing to age (70-74, 75-79, 80-84, 85-89, 90-94, 95+),
sex, and education (primary (<9 years); secondary (10—12
years); tertiary (> 13 years) was performed and made it pos-
sible to present national estimates based on the regional data
from Nord-Trendelag.

Nord-Trendelag lacks large cities, has a low immigra-
tion population and a lower educational level compared to
Norway as total, while general health and life expectancy
is on national average, and is considered to be representa-
tive of Norway [12, 20, 21]. Future projections of frailty
due to population ageing in Norway in the coming decades
were estimated by fixating the standardised prevalence of
frailty in 2019 by age and sex. Finally, we multiplied our
prevalence data with population projection data (main alter-
native) from Statistics Norway [22] by the same age groups
and sex for the years 2023, 2030 and 2040. Analyses were
conducted in STATA 18.

Results

Table 1 presents demographic and clinical characteris-
tics of the total sample, sorted by frailty status for partici-
pants included in Fried criteria sample and the HUNT4-FI
sample. More women than men were classified as frail,
regardless of frailty models (p <0.001). Participants who
were classified as frail were older, less educated, had lower
scores on the Montreal Cognitive Assessment (MoCA) and
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slower gait speed than those classified as robust or pre-frail
(all p<0.001). Participants classified as frail, regardless of
the frailty models, were also more likely to live alone, to
receive municipal health services or being a nursing home
resident compared to their robust or pre-frail counterparts
(all p<0.001). According to HUNT4-FI, frail participants
had significantly higher body mass index (BMI) than robust
or pre-frail participants (p <0.001). According to Fried cri-
teria, frail participants had significantly higher BMI than
robust participants (p < 0.001), but not compared to pre-frail
participants (p =0.83).

The HUNT4-FI score ranged from zero to 0.76. The mean
score was higher for women than men (0.22 (+0.11) and
0.20 (£0.11), respectively). Nursing home residents had a
higher mean HUNT4-FI score than community-dwellers
(0.45 (+0.09) and 0.20 (+0.10), respectively; p <0.001).

Table 2 presents prevalence of frailty on a national level
sorted by sex, age and frailty measurement. The preva-
lence of frailty in people > 70 years in Norway in 2019 was
10.6% (95% confidence interval (CI) 10.0-11.3) according
to Fried criteria and 35.8% (95% CI 34.9-36.6) accord-
ing to HUNT4-FI. National prevalence of pre-frailty was
41.9% (95% CI 40.9-42.9) as measured by Fried criteria
and 33.2% (95% CI 32.2-34.1) as measured by HUNT4-FIL.

The prevalence of frailty increased with age
(p-trend<0.001), with a steeper curve from the age of
80—-84 according to Fried criteria and from the age of 75-79
according to HUNT4-FI (Fig. 2). While there was a slight
decrease in prevalence of pre-frailty from the age of 75-85
according to HUNT4-FI, prevalence of pre-frailty was
slightly increasing until age of 85-89 according to Fried
criteria.

Figure 3 shows estimates of the proportion of older peo-
ple with frailty in the Norwegian population for 2023, 2030
and 2040. According to Fried criteria and HUNT4-FI, we
estimate that older people with frailty accounted for 1.3%
and 4.7%, respectively, of the total Norwegian population
by 2023. This will increase to 2.1% (Fried criteria) and
7.3% (HUNT4-FI) by 2040.

Discussion

In this large population-based study in Norway, 10.6% of
adults > 70 years were classified as frail, and 41.9% as pre-
frail according to Fried criteria. Corresponding proportions
using HUNT4-FI were 35.8% and 33.2%. Irrespective of
frailty criteria used, prevalence was higher in women than
in men, in nursing home residents than among community-
dwellers and increased with age. According to demographic
projections the proportion of older people living with frailty
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Table 1 Characteristics of the fried criteria sample and the HUNT4-FI sample

Fried criteria (N=9324)

HUNT4-FI (N=9318)

Robust Pre-frail Frail Robust Pre-frail Frail

N=4685 N=3792 N=847 N=3108 N=3172 N=3038
Mean age 75.8 (4.6) 78.6 (6.5) 83.9(7.5) 75.1 (4.2) 76.8 (5.1) 81.2(7.3)
Sex
Women 2267 (48.4) 2210 (58.3) 548 (64.7) 1541 (49.6) 1678 (52.9) 1802 (59.3)
Men 2418 (51.6) 1582 (41.7) 299 (35.3) 1567 (50.4) 1494 (47.1) 1236 (40.7)
Age groups
70-74 2592 (55.3) 1465 (38.6) 143 (16.9) 1880 (60.5) 1498 (47.2) 827 (27.2)
75-79 1293 (27.6) 998 (26.3) 145 (17.1) 839 (27.0) 938 (29.6) 661 (21.8)
80-84 598 (12.8) 682 (18.0) 171 (20.2) 308 (9.9) 497 (15.7) 634 (20.9)
85-89 173 (3.7) 421 (11.1) 206 (24.3) 72 (2.3) 193 (6.1) 526 (17.3)
90-94 28 (0.6) 179 (4.7) 141 (16.7) 8(0.3) 44 (1.4) 300 (9.9)
95+ 1 (0.0) 47 (1.2) 41 (4.8) 1 (0.0) 2 (0.0) 90 (3.0)
Education
<9 years 818 (17.4) 1170 (30.9) 350 (44.5) 456 (14.7) 729 (23.0) 1161 (38.2)
10-12 years 2597 (55.4) 2014 (53.1) 412 (48.6) 1679 (54.0) 1816 (57.3) 1526 (50.2)
> 13 years 1270 (27.1) 608 (16.0) 85 (10.0) 973 (31.3) 627(19.8) 351 (11.6)
Test location
Field station 4625 (98.7) 3309 (87.3) 372 (43.9) 3086 (99.3) 3095 (97.6) 2173 (71.5)
Home 27 (0.6) 302 (8.0) 243 (28.7) 7(0.2) 64 (2.0) 465 (15.3)
Nursing home 14 (0.3) 175 (4.6) 231 (27.3) 0(0.0) 5(0.2) 397 (13.1)
Missing 19 (0.4) 6(0.2) 1(0.1) 15 (0.5) 8(0.3) 3(0.1)
Living alone
Yes 1459 (31.1) 1605 (42.3) 470 (55.5) 920 (29.6) 1139 (35.9) 1402 (46.2)
Missing 29 (0.6) 154 (4.1) 83 (9.8) 16 (0.5) 35(1.1) 294 (9.7)
Receiving municipal health services
Yes 92 (2.0) 583 (15.4) 488 (57.6) 35(1.1) 133 (4.2) 930 (30.6)
Missing 491 (10.5) 514 (13.6) 106 (12.5) 286 (9.2) 398 (12.5) 487 (16.0)
Clinical characteristics
Gait speed m/s 1.05 (0.22) 0.83 (0.25) 0.52 (0.18) 1.05 (0.22) 0.95 (0.23) 0.73 (0.26)
Body Mass Index 26.8 (3.8) 27.7 (4.7) 27.7 (6.0) 26.3 (3.4) 27.4 (4.3) 279 (5.2)
MoCA-score 23.9 (3.6) 22.0 (4.8) 17.9 (6.4) 24.9 (2.9) 23.3(3.6) 19.5 (5.5)
HUNT4 Fl-score 0.14 (0.07) 0.25 (0.1) 0.40 (0.10) 0.10 (0.03) 0.19 (0.02) 0.35 (0.08)

Continuous variables are expressed as mean (SD), categorical variables as N (%), and N for each variable is available in Supplementary Table

2. MoCA =Montreal Cognitive Assessment

in the overall population in Norway will rise significantly
during the next 17 years.

We found higher prevalence of frailty according to both
models compared to previous Nordic [8—11] and Euro-
pean [7, 23] estimates. This indicates that health authori-
ties should anticipate a greater proportion of older people at
risk of functional decline and dependency than previously
assumed. However, we found lower prevalence of frailty
according to Fried criteria in the youngest age groups than
in similar age groups reported from Europe overall, but
in line with Sweden, Switzerland, Germany and Denmark
[23]. This supports previous research showing a strong
relationship between a country’s economic factors and its
prevalence of frailty among middle-aged and older people
[24], particularly in people < 80 years [25]. It is well-estab-
lished that frailty is closely linked to multimorbidity [26],
and a recent study found later onset of age-related diseases

in Western European populations compared to the rest of
Europe [27]. Taken together, our findings suggest that Nor-
way and comparable countries in Western Europe should
expect most people aged 70—79 to be robust and merely
require efforts to help preserve and strengthen mental and
physical reserves to prevent and postpone frailty. The over-
all higher prevalence of frailty in our study compared to
previous studies is likely due to the efforts made in HUNT4
70 +to facilitate participation in the entire 70 + population.
The way the data collection was designed and carried out,
most likely resulted in a more representative sample in terms
of age and function compared to previous European studies.

Those in our overall sample with inadequate data to be
included in the final frailty analyses were older, less edu-
cated, a higher proportion received municipal health ser-
vices, and there were more women than men (p<0.001)
(Supplementary Table 1). These are all factors associated

@ Springer



188

Page 6 of 9

Aging Clinical and Experimental Research

(2024) 36:188

Table 2 Prevalence of frailty in Norway 2019* sorted by sex and age

Fried criteria (N=9324)

HUNT4-FI (N=9318)

Robust Pre-frail Frail Robust Pre-frail Frail

prevalence prevalence Prevalence Prevalence Prevalence Prevalence

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Total
70-74 61.3 (59.9-62.8) 35.1(33.7-36.6) 3.5(3.0-4.2) 44.4 (42.9-45.9) 35.5(34.1-37.0) 20.1(18.9-21.3)
75-79 52.6 (50.6-54.5) 41.4 (39.4-43.3) 6.0 (5.1-7.1) 34.2 (32.3-36.1) 38.5(36.6-40.4) 27.3 (25.6-29.1)
80-84 40.9 (38.5-43.5) 47.1 (44.6-49.7) 11.9 (10.4-13.7) 21.6 (19.6-23.8) 34.3 (31.9-36.8) 44.1 (41.6-46.6)
85-89 21.6 (18.9-24.6) 52.8 (49.3-56.2) 25.6 (22.7-28.8) 9.0 (7.2-11.2) 24.5(21.6-27.7) 66.5 (63.1-69.7)
90-94 8.4 (5.8-12.1) 51.6 (46.0-57.0) 40.0 (34.8-45.4) 2.2(1.1-4.3) 13.3(10.1-17.4) 84.5 (80.3-88.0)
95+ 2.2(0.5-8.8) 52.8 (42.4-63.0) 44.9 (34.4-56.0) 0.9 (0.1-6.1) 1.8 (0.4-6.9) 97.3(91.8-99.1)
Overall 47.5 (46.6-48.5) 41.9 (40.9-42.9) 10.6 (10.0-11.3) 31.1(30.2-32.0) 33.2(32.2-34.1) 35.8(34.9-36.6)
Women
70-74 57.9 (55.8-60.0) 38.0 (36.0-40.1) 4.1 (3.3-5.0) 42.6 (40.5-44.6) 36.1 (34.1-38.2) 21.3(19.6-23.1)
75-79 48.3 (45.6-51.0) 44.5 (41.8-47.3) 7.2 (5.9-8.7) 32.2(29.7-34.7) 38.1(35.5-40.8) 29.7(27.3-32.3)
80-84 35.2(31.9-38.6) 50.8 (47.3-54.3) 13.9 (11.7-16.6) 18.7 (16.1-21.6) 34.2 (31.0-37.7) 47.0 (43.6-50.5)
85-89 18.3 (15.2-21.9) 55.1(50.7-59.4) 26.7 (22.9-30.6) 7.4 (5.4-10.1) 23.3 (19.7-27.3) 69.3 (65.1-73.2)
90-94 5.9 (3.3-10.2) 52.2 (45.4-58.9) 41.9 (35.4-48.8) 1.8 (0.7-4.8) 9.8 (6.4-14.7) 88.4(83.2-92.1)
95+ 0 52.5 (40.2-64.5) 47.5 (35.8-59.8) 0 2.3(0.6-8.8) 97.7(91.2-99.4)
Overall 41.9 (40.7-43.1) 45.3 (43.9-46.7) 12.8 (11.9-13.8) 27.8 (26.7-29.0) 32.2(31.0-33.5) 40.0 (38.7-41.2)
Men
70-74 64.9 (62.8-66.9) 32.1(30.1-34.1) 3.0 (2.3-3.9) 46.3 (44.1-48.4) 34.9 (32.8-37.0) 18.9 (17.2-20.6)
75-79 57.4 (54.6-60.2) 37.8 (35.1-40.7) 4.8 (3.6-6.2) 36.5(33.7-39.3) 38.9 (36.1-41.8) 24.6 (22.2-27.2)
80-84 48.4 (44.7-52.2) 42.3 (38.6-46.1) 9.3 (7.3-11.8) 25.4(22.2-28.9) 34.3 (30.8-38.1) 40.2 (36.6-44.0)
85-89 26.9 (22.2-32.3) 49.1 (43.3-54.7) 24.0 (19.5-29.2) 11.6 (8.5-15.7) 26.5(21.8-31.8) 61.9 (56.3-67.2)
90-94 13.9 (8.5-22.1) 50.2 (41.0-59.4) 40.5 (32.1-49.5) 2.8 (1.1-7.2) 21.0 (14.6-29.2) 76.2 (67.8-82.9)
95+ 9.9 (2.3-34.4) 53.9 (36.2-70.7) 36.1 (17.4-60.3) 4.2(0.6-24.1) 0 95.8 (75.9-99.4)
Overall 54.3 (52.9-55.8) 37.7(36.3-39.2) 7.9 (7.1-8.8) 35.1(33.7-36.4) 34.3 (32.9-35.8) 30.6 (29.3-31.9)

*Standardisation done in a two-step process: (1) Weighted (inverse probability weighting) to account for non-response by sex, age, municipal-
ity, and nursing home. (2) Standardised (calibrated) to correspond to the distribution in Norway according to sex, age, and education in 2019

A Fried criteria B HUNT4-FI
100 100
__ 80 ~ 80
£ 60 — £ 60
e o
o 20 = o 20
a \ o \
0 T T T T T 1 0 T T T T f
70-74  75-79  80-84  85-89  90-94 95+ 70-74  75-79  80-84  85-89  90-94 95+
Age groups Age groups
Robust Pre-frail Frail Robust Pre-frail Frail

Fig. 2 Prevalence of frailty by age. The margin plot depicts how the proportion of participants in each age group is classified as robust, pre-frail,
or frail according to Fried criteria (a) and HUNT4-FI (b)

with frailty [1]. Consequently, our findings may be inter-
preted as conservative estimates.

It is debatable whether frailty is understood as a precursor
to functional impairment and need for assistance, or whether
the condition itself includes functional limitations [1]. Par-
ticipants considered frail according to Fried criteria had
more functional limitations than did those considered frail
according to HUNT4-FI (Table 1). Hence, the threshold for

being categorised as frail seems to be higher using Fried cri-
teria than when using HUNT4-FI. This finding is in line with
previous studies [28, 29]. Additionally, HUNT4-FI appears
to capture more men living with frailty than does Fried cri-
teria. These findings support what prior studies have stated:
the divergent operationalisations of frailty should be under-
stood as complementary models with different strengths and
limitations, and which to prefer depends on the purpose,
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Fig. 3 Current and future estimates, proportion of older
people living with frailty out of the Norwegian popula-

tion. Standardised prevalence of frailty in 2019 by age

and sex, multiplied population projection data from

~

Statistics Norway (main alternative) by the same age

57

groups and sex for the years 2023, 2030 and 2040

4,7

Percent (%)

21

1,3 1.6

O - N WAH U ON ®©® OO

population and setting [30, 31]. There is well-established
evidence that frailty is associated with lower education [32],
and our sample is no exception. Frail participants, regard-
less of criteria, had less education than robust or pre-frail
ones. This highlights education’s impact on health diversity
in old age even in high-income countries like Norway. Fur-
thermore, it underscores the necessity for understanding and
addressing modifiable risk factors earlier in life.

Due to the strong link between frailty and high health-
care costs [1], projection models for frailty should be given
significant consideration. These data allow us to plan and
assess the benefits of prevention and management efforts.
However, future predictions of frailty prevalence should be
regarded with caution because they are based on the premise
that the age- and sex- specific prevalence (%) of frailty fixed
at 2019 levels would remain constant in the future. Thus,
there are uncertainties in our estimates. It is not accounted
for if later born cohorts have lower levels of frailty than in
this study. Previous population-based studies have reported
that more recent born generations of older Norwegians
perform better in terms of cognition [33] and grip strength
[34]. Most likely, educational level will rise in more recent
cohorts, and these factors could have a beneficial impact on
our estimates. On the other side, the increasing prevalence
of overweight, obesity and diabetes in Norway [12] may
affect our estimates. All of these factors have been linked
to higher levels of frailty [35, 36]. Considering these uncer-
tainties, the results still stress the huge challenges posed by
the ongoing demographic shift [1]. In 2040, we expect that
21 per 1000 Norwegians will be people>70 years living
with frailty (Fried criteria), corresponding to 73 per 1000
according to HUNT4-FI. Our findings emphasise the sig-
nificance of methodical planning that considers the great
heterogeneity in health of the older part of the population.
Addressing the age group 70-80 years in public health
policies and research may be advisable to delay the sharp
increase in frailty seen from the age of 80—84.

2023 2030 2040

Year

Fried HUNT4-FI

A strength of our study is the large population-based
sample and the HUNT4 70+ design [12], which ensured
inclusion of participants with a wide range in age and func-
tioning, and our use of both dominant frailty models. Fur-
thermore, our procedures for measuring frailty with Fried
criteria are close to the original [4], and HUNT4-FI was cre-
ated in accordance with updated recommended procedures
[15].

There are several limitations in our study. Most HUNT
participants were Caucasian, potentially limiting the gener-
alisability of our findings to populations with greater eth-
nic diversity. Additionally, findings from Asia and America
suggest that frailty prevalence is higher in rural areas [37].
The absence of large cities in Nord-Trendelag may have
influenced the frailty prevalence; however, there is limited
evidence from European studies on this topic. Although our
projections account for changes in age and sex distribution,
they do not account for future shifts in health, lifestyle, and
environmental factors within the population. There is no
agreement on an operational definition of pre-frailty, and
ongoing research aimed at determining the best measure-
ment tools for identifying pre-frailty have high priority [38].
Our methods of using sub-threshold scores on Fried criteria
and HUNT4-FI to classify pre-frailty may not be the most
accurate tool to identify pre-frailty.

Conclusion

We estimated frailty prevalence rates and future projections
by analysing a large sample of representative data from 50%
of all residents aged 70 and older in a geographical region
of Norway. We found higher overall prevalence of frailty
according to both dominant frailty models, compared to
previous European estimates. We provide reliable estimates
for governments to facilitate the planning of sustainable
healthcare systems in the coming decades. Currently, our
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projections pose a substantial challenge to a society where
health resources are already under strain. These findings
accentuate the need for further research on modifiable risk
factors in a life-course approach as a foundation for effec-
tive interventions to prevent and postpone frailty.
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supplementary material available at https://doi.org/10.1007/s40520-
024-02839-y.
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